Background Overuse of surveillance imaging in patients after curative treatment for early breast cancer (ebc) was recently identified as one of the Choosing Wisely Canada initiatives to improve the quality of cancer care. We undertook a population-level examination of imaging practices in Ontario as they existed before the launch of that initiative.
INTRODUCTION
Breast cancer is the most common cancer diagnosed in Canadian women, and the second most common cause of cancer death. Advances in detection and treatment have resulted in 5-year survival rates exceeding 80% 1 , which translates to approximately 20,000 new breast cancer survivors annually in Canada. Optimal survivorship care for patients diagnosed with early breast cancer (ebc) includes management of the short-and long-term sequelae of cancer treatment, monitoring for recurrent or secondary cancers, and improving quality of life 2 . The care for ebc survivors is often shared between multiple providers, including primary care physicians, oncologists, and surgeons 3 . As breast cancer survivors become more prevalent, the care of these women has the potential to significantly affect health care resource utilization.
Current survivorship guidelines recommend that, outside of annual screening mammography, no imaging is indicated in asymptomatic survivors during follow-up 4, 5 . Surveillance imaging in asymptomatic ebc patients who have completed curative treatment does not lead to clinically meaningful improvements in survival 6, 7 . Unnecessary imaging has also been shown to increase patient anxiety, health care costs 8, 9 , and radiation exposure in a population already vulnerable to secondary malignancies 8, 10, 11 . Despite the evidence and the guidelines, surveillance imaging continues to occur in breast cancer survivors after curative treatment. The issue has prompted both the American Society for Clinical Oncology and Choosing Wisely Canada to cite reduction in the overuse of surveillance imaging in women who have completed curative treatment for ebc as one of their top recommendations 12, 13 .
Determining the reasons behind imaging overuse is complex. Prior studies have correlated factors such as younger age, more comorbidity, and higher disease stage with rates of imaging [14] [15] [16] , but few studies have examined the post-curative treatment population, and actionable causative factors have yet to be identified. We conducted a population-level assessment of recent imaging practices in Ontario in women treated for ebc to identify potentially actionable areas for quality improvement.
METHODS

Study Cohort
Using unique encoded identifiers, multiple administrative health care databases were linked to create a comprehensive population-level data source for the study. All women diagnosed with early-stage (i-iii) breast cancer between 1 January 2006 and 31 December 2010 in Ontario were identified from the Ontario Cancer Registry. Patients who were male, were less than 18 years of age, lacked a record of curative-intent surgery within 12 months of diagnosis, had stage iv disease, or had been diagnosed with ductal carcinoma in situ were excluded.
Imaging Definitions
Imaging occurring within years 1 and 2 after completion of treatment was identified using physician billings from the Ontario Health Insurance Plan database. To avoid capturing perioperative or staging investigations, the start point for follow-up care was defined as 30 days after completion of chemotherapy or 6 months after surgery if no chemotherapy was given.
Imaging was considered to be for surveillance if the exam had a likelihood of detecting distant metastases. Imaging was categorized as either an advanced imaging exam [aie: computed tomography (ct), positron-emission tomography, bone scan] or a basic imaging exam (bie: radiography, ultrasonography). Breast imaging (mammography or ultrasonography) and bone radiographs were not included in the analysis. The specialty of the ordering physician was determined using the Physician Database at the Institute for Clinical Evaluative Sciences.
Covariates
Cancer stage and patient age were obtained from the Ontario Cancer Registry. Comorbidity was assessed using the Charlson comorbidity index, modified for abstraction from administrative data 17 . Socioeconomic data were obtained using the Registered Persons Database.
Chemotherapy regimen details were obtained from the New Drug Funding Program database. Patients were categorized as having received neoadjuvant chemotherapy if they had at least 1 record of chemotherapy before curative surgery, and adjuvant chemotherapy if they had at least 1 record of chemotherapy within 4 months of surgery, but not before surgery. If no chemotherapy record was present, then the patient was categorized as "surgery, no chemotherapy." Information about prior health care utilization and staging imaging was obtained using the Ontario Health Insurance Plan database. Health care utilization was determined by the frequency of primary care physician (pcp) and emergency department visits over a 1-year period starting 2 years before the date of the breast cancer diagnosis. A pcp visit was defined as any visit to a general practitioner. Any visit to a hospital emergency department, regardless of subsequent hospital admission, was also recorded. A history of staging imaging was noted if a patient had a record of ct thorax, abdomen, or pelvis, or bone scan within 3 months of diagnosis.
Geographic region was defined by the governing Local Health Integration Network corresponding to the patient's postal code. Within Ontario, 14 Local Health Integration Network bodies administer the delivery of health care within their defined regional area.
Validation Analysis
To validate the indications for aies, a targeted primary chart abstraction was conducted at 5 treating hospitals. The institutions were selected to represent a mix of academic hospitals, regional cancer centres, and community hospitals. A chart cohort was created by randomly selecting eligible patients from the larger administrative cohort at the identified institutions for patients diagnosed in 2010, the last year of the study. The sample size was selected to have 90% power to detect a 10% difference in concordance between administrative data and chart. The selected chart cohort underwent a primary chart abstraction in which all aies performed at the treating institution during the imaging window were identified. The reason for the imaging was adjudicated by the reviewer to be "surveillance," "symptoms," or "other" as indicated in the clinical notes.
All eligible aies that were identified within the chart cohort were compared with the number of imaging exams identified in the matched administrative cohort. Within the chart cohort, the proportions of exams having an indication of surveillance, symptoms, or other were identified. The proportion of patients within the chart cohort who had undergone at least 1 aie was calculated. Because the chart cohort was restricted to imaging performed at the single institution only, advanced imaging was identified significantly more often in the administrative cohort than in the chart cohort. As a result, formal sensitivity and specificity calculations were not felt to be appropriate.
Statistical Analyses
All analyses were conducted at the Institute for Clinical Evaluative Sciences, a not-for-profit organization that conducts health research for the province of Ontario using administrative data covering all health care encounters for Ontario residents.
Descriptive statistics are used to examine the distribution of patient and provider characteristics within the entire cohort and for groups stratified by treatment type. The numbers of surveillance exams occurring in years 1 and 2 after diagnosis were assessed for each type of exam. The distribution of aies based on the ordering physician's specialty was also assessed. Patients frequently underwent more than 1 advanced imaging exam, and therefore a multivariable Poisson regression model was used to determine associations between the patient and provider covariates and the rate of advanced imaging within the first 2 years of follow-up care. The natural logarithm of each patient's follow-up time was incorporated as an offset term. Covariate selection was based on a priori knowledge of factors that might drive imaging and on the strength of the association at univariate analysis. All database manipulation and statistical analyses were conducted using the SAS software application (version 9.3: SAS Institute, Cary, NC, U.S.A.). 
RESULTS
Cohort Characteristics
Imaging Trends
Within years 1 and 2 respectively, 22,894 and 20,872 imaging exams were performed. In year 1, 58.6% of patients had at least 1 bie, and 30.6% had at least 1 aie. In year 2, the proportions were 52.2% and 25.7%. The median number of exams per patient in each year was 2 (interquartile range: 1-3). The most common aie ( Figure 1 ) was chest ct (n = 5713, year 1), followed by a bone scan (n = 5323, year 1). Most imaging was ordered by medical oncologists (38%), followed by primary care physicians (23%, Figure 2 ).
Factors Associated With Imaging
A multivariable Poisson regression was performed to identify factors associated with the rate of aies within the first 2 years of follow-up (Table ii) . Disease characteristics such as higher stage [ii vs. i relative risk (rr): 1.22; 95% confidence interval (ci): 1.18 to 1.27; p < 0.0001; iii vs. i rr: 1.73; 95% ci: 1.64 to 1.82; p < 0.0001] and chemotherapy exposure (yes vs. no rr: 1.07; 95% ci: 1.03 to 1.12; p = 0.0009; neoadjuvant vs. no rr: 1.38; 95% ci: 1.27 to 1.50; p < 0.0001) were associated with a significantly higher rate of aies, as were patient factors such as age and presence of comorbidities. Patients who underwent aies as part of their staging work-up at diagnosis had an increased rate of aies (rr: 1.18; 95% ci: 1.14 to 1.23; p < 0.0001), as did patients who had a history of high health care utilization as determined by history of either pcp or emergency department visits before their breast cancer diagnosis. No significant association between imaging and neighbourhood income quintile, rurality, or geographic location was observed.
Validation
In the 705-patient chart cohort, 229 aies were identified. The proportion of patients with at least 1 aie was higher in the administrative cohort (38.9%, n = 197) than in the chart cohort (13.8%, n = 97). The indication for the aies was divided chiefly between symptoms (n = 91, 39.7%) and surveillance (n = 112, 48.9%); for a small proportion of the aies, the indication was unclear (11.4%).
DISCUSSION
In this population-based cohort study, a high rate of both bies and aies during the first 2 years of follow-up care was found in ebc patients treated in Ontario; those findings are consistent with reports from other jurisdictions 14, 15 . The descriptions set out here of disease, patient, and provider characteristics associated with the use of aies provide valuable insight into trends in survivorship care within Ontario and could help to identify actionable areas for improvement.
The Choosing Wisely Canada campaign has highlighted the overuse of imaging investigations in ebc patients in two distinct clinical scenarios: peri-diagnosis staging investigations, and surveillance to detect disease recurrence in ebc patients after completion of curative treatment 12, 13 . Simos et al. 16 recently reported overuse of peri-diagnosis staging imaging in ebc patients in Ontario despite recommendations against the practice. They found that 85% of ebc patients underwent at least 1 imaging for staging, of which 30% were aies. Similarly, we found that ebc patients continue to have a high rate of aies in the first 2 years after completing curative treatment. In contrast to the peri-diagnosis period, during which most imaging was ordered by surgeons, surveillance imaging during follow-up was ordered primarily by medical oncologists and pcps, suggesting that overuse of imaging is not being driven simply by individual physician practice.
Overuse of surveillance imaging might in part be a downstream effect of the overuse of peri-diagnosis staging investigations, in which follow-up imaging is recommended once nonspecific abnormalities are found. We found that undergoing at least 1 aie in the peri-diagnosis period was associated with a significant increase in the rate of aies during follow-up. Interventions that target the overuse of aies in the peri-diagnosis period have the potential to decrease imaging rates, both at time of diagnosis and in the years after curative treatment.
Patterns of survivorship care vary both provincially and regionally within Canada 3, 18 . In Ontario, the bulk of the care receive by ebc patients is provided by pcps and medical oncologists in a shared-care model 19, 20 . The frequent lack of comfort and knowledge on the part of pcps about survivorship care for ebc patients [21] [22] [23] might be driving some of the imaging overuse. A high rate of aies was identified in patients with a history of frequent health care utilization. Although imaging in that population might in part be driven by non-cancer-related symptoms and comorbidities, higher utilization might also reflect anxious patients who undergo unnecessary imaging for reassurance 14, 24 .
Current survivorship guidelines or campaigns such as Choosing Wisely Canada that have brought increased awareness to the potential for imaging overuse in breast cancer patients could in part address the overuse; however, they are unlikely to result in sustained change. A recent study by Rocque et al. 25 , reporting on practices participating in the American Society for Clinical Oncology Quality Oncology Practice Initiative, which followed the launch of Choosing Wisely (2013) (2014) (2015) in the United States, found that only 67.7% -74.2% of centres were compliant with surveillance imaging recommendations, whereby 25.8%-32.3% of patients underwent an aie within year 1. Justifying that trend is likely complicated; however, some clinicians argue that the evidence related to breast cancer surveillance might be outdated and might therefore require newer studies [26] [27] [28] . Those debates could partly explain why aie rates remain high. Likewise, the finding here that medical oncologists, a group in which knowledge of guidelines is high, were responsible for most of the imaging suggests that the current guideline might not be generally accepted and that an update of the clinical guideline evidence might be warranted.
Our study should be interpreted in the context of its limitations. A key drawback is the lack of information about the indications for imaging. In our validation study,45% of the imaging at the treating hospital was investigating symptoms. The use of imaging in that situation is very appropriate and is reflected in the higher rate of imaging observed in patients at highest risk of relapse (increased stage, chemotherapy exposure). The validation study that was done for the cancer clinics might overestimate the proportion of symptom-related imaging in the community (that is, exams ordered by pcps). Even accounting for those situations, much of the imaging was performed either for surveillance or for no clear indication, signalling potential overuse. Second, the use of administrative data limits the amount of clinical information available for analysis, and unmeasured clinical factors could possibly be influencing the patterns of imaging. However, that limitation is common to all similar studies. The effect of radiation therapy on aies was not assessed in this present study; some patients could have had radiation therapy during the first 2 months of their year 1 assessment window. In that case, radiation could possibly have had a small effect on imaging patterns during that time; however, aies remained high in year 2, remote from radiation therapy, making it unlikely that radiation therapy is a primary driver.
CONCLUSIONS
The present study strengthens the evidence showing that rates of advanced imaging remain high despite clinical guidelines recommending against the practice, with more than half the exams having no clear indication. The findings here suggest that quality improvement interventions targeting overuse of staging investigations would have a downstream effect in lowering the number of aies in follow-up. Likewise, improved knowledge translation and care coordination with pcps might reduce the overuse of aies in ebc patients.
Although potential actionable areas for improvement have been identified here, further work will be required to translate those findings into improvements. Providers, practices, or health systems will have to adapt these learnings to their local context, planning and implementing targeted quality improvement interventions focusing on the identified gaps, and following the effects over time. As the population ages and the number of cancer survivors grows, governing bodies should renew their focus on survivorship care to reduce the potential burden on the health care systemand more importantly, on the survivors themselves.
